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Use is disclosed of a substantially non-aqueous composition comprising at least one membrane lipid and/or monoacyl derivative 
thereof suspended in a hydrophilic medium for the manufacture of a composition for application to the mucosa e.g. as a soothing, protective 
or lubricating agent. The composition can advantageously be used as a carrier for a medicament in molecular dispersion. A method is 
provided for preparing anti-fungal lipid-based compositions which can achieve high levels of entrapment of a drug and which are stable to 
storage but convert to liposomes, micelles or like structures in contact with the mucosa. Membrane lipid is dissolved in a first anhydrous 
organic liquid, for example ethanol, after which the drug is dissolved or dispersed in the resulting mixture and a second anhydrous organic 
liquid is added to form an anhydrous composition in which the lipid is at least partly in the form of solvate bilayers. A hydrocollid, 
hydrophilic polymer or natural gum may be present to render the composition more muco-adhesive. The method has particular value for 
the preparation of compositions containing miconazole, clotrimazole and amphotericin B. 
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LIPID COMPOSITIONS AND THEIR USE 
INTRODUCTION 

5 The present invention relates to lipid compositions which 
can be applied to the mucosa as soothing , protective or 
lubricating agents or for carriers of medicaments in 
molecular dispersion. 

10 LIPID COMPOSITIONS FOR APPLICATION TO THE MUCOSA 

One problem with which the invention is concerned is the 
provision of compositions for application to body 
surfaces e.g. skin or mucosal membranes that have a 
natural affinity for said surface. 

15 

That problem is solved by the use of a substantially non- 
aqueous composition comprising at least one membrane 
lipid or mono acyl derivative thereof suspended in a 
hydrophillic medium in the manufacture of a composition 
20 for application to the mucosa as a soothing, protective 
or lubricating agent or as a carrier of a medicament in 
molecular dispersion. 

Certain of the compositions may be required to adhere to 
25 the mucosa, in which case they advantageously contain a 
hydrocolloid, polymer or natural gum. 

The compositions, with or without an active compound 
present, may be applied to the places indicated below for 
30 the purposes indicated below. 

(a) oral, buccal mucosa for soothing mouth 
ulcers; 

(b) vaginal mucosa for soothing, protection or 
35 lubrication; 
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■(c) rectal mucosa for the relief of haemorrhoids; 

(d) a stoma for a protection and/or lubrication; 

(e) a surgical device or glove as a lubricant; 

(f) gastric mucosa. 

They are resistant to microbial growth and may be used 
wxthout added preservative. They preferably have a pH 
of 5 - 7.5. The compositions may be used as such, or 
they may be mixed with water or aqueous liquid prior to 
use e.g. to produce a rinse or gargle. 

According to a further aspect of the invention, the 
compositions may be used for delivery of water-insoluble 
and/or lipophilic compounds. The invention enables 
improvements to be brought about in the bio-availability 
and efficacy of a large number of biologically active 
materials including medicaments, hormones, vaccines 
peptides, vitamins and related materials of medical and 
bxological interest such as antioxidants, marker 
compounds and flavouring materials. The invention is 
particularly useful for solubilising water insoluble and 
lipophilic bioactive compounds for the topical treatment 
of the skin and of superficial infections of the moist 
cutaneous areas of the body involving the oral mucous 
membranes, upper respiratory tract, and vagina. The 
compositions are especially suitable for local 
application to mucosal membranes to treat conditions 
whxch respond to topical medication with anti- 
inflammatory, biocidal and cytotoxic agents or 
immunomodulating agents (vaccines). m a specific 
embodiment, the invention is a carrier for anti-fungal 
compounds . 



« PROBLEMS TN THK DELIVERY OF A NT T - FUNGAL AGENTS nM n n^pp 
35 HYDROPHOBIC MEDTPAMRMTQ " ' 
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Yeasts, normally reside harmlessly on or in the human 
host,, but on occasion, they can take advantage of the 
host's debilities and disorders to cause infections of 
a remarkably wide range of moist membraneouis tissues. 
5 Such infections are usually described under the generic 
name candidiasis. Most common candidiasis infections are 
superficial lesions, especially infections of the mucous 
surfaces of the mouth or vagina. Oral and vaginal forms 
of candidiasis are commonly known as 'thrush'. Such 
10 ailments can normally be effectively treated with 
conventional topical antifungal preparations. 

With the increasingly widespread use of antibiotics, 
immuno- suppressant and cytotoxic drugs, however, these 

15 normally relatively low-level infections can become much 
more serious. This is particularly the case for the 
increasing number of patients with diseases such as 
acquired immune deficiency syndrome, where the normal 
immunological protection of the patient is severely 

20 compromised. The - low— bio-availability of the active 
ingredients in conventional formulations means that these 
are generally employed sub-optimally and therefore there 
is an urgent need for effective delivery systems that 
are more patient compliant and convenient to use. 

25 

There is much current research into more efficient 
mucosal drug-delivery systems for treating fungal 
infections. The main problem lies firstly, in the nature 
of most anti-fungal agents and secondly, the area to be 

30 treated. Antifungal compounds are mostly lipophilic 
molecules with very low aqueous solubility which limits 
the release of drug to the surrounding milieu. This 
raises considerable problems concerning the choice of a 
suitable carrier in which the active ingredient can be 

35 formulated in a readily available molecular dispersion 
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and thereafter retain a sufficient concentration locally 
in the presence of natural secretions. 

the""" 01 e " 0rt b ~ directed " tackling 

these two problem by the expedient of ,a, employing 
solvents to solubilise the compound or ,b, increasing 
muco-adhesion to prolong contact and release of the 
acti Ve ingredient $0 the muoosai ^^^^ 

muco-adhesron can be obtained by using water-soluble 
hydrocolloids (e.g. carboxymethylcellulose, , pollers 
(e g. carboxyvrny! co-polymers) and natural gums <e g 
sodrun, alginates, to for, viscous gels which are applied 
to the mucosal surfaces. Alternatively, the 

hydrocolloids are simply dispersed in a non aqueou base 
On exposure to water, these materials swell and confer 
some muco-adhesive properties to the base. 

These approaches, whilst prolonging contact and 
mcreasmg the potential for the transfer of active 

ZlTl en t t0 mUC ° Sal me " braneS SW11 "«« 

solubiL r ° £ ^ Up °^ ilic — 1°» ^ueous 
so ubrlrty of most anti-fungal compounds. I„ reality 
only a small amount of the drug is available in aqueous 
molecular solution for absorbtion, and the reservoir of 
undissolved drug is poorly mobilised. Ethanol and other 
organrc solvents are commonly used in small amounts in 
the formulations to improve solubUity. The efficacy of 
such preparations for topical use is however restricted 
by the tendency for the saUva and other body secretions 
to precxprtate dissolved compounds. For adeguate 
solubrlrsation, larger quantities of organic solvents 
and/or surfactants are therefore required. This in turn 

releaser ^"T *"""* ™ ° £ c °™ 
released from such formulations may not be sufficient due 

unfavourably high partition coefficients. 
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Furthermore, to be useful, the formulation should contain 
components that are non-toxic, non-sensitising and non- 
irritant, especially on inflamed and sensitive mucosal 
membranes. Preferably, it should have components that 
5 are naturally compatible with mucosal surfaces. In 
practice, most solvents and artificial surfactants that 
can effectively solubilise poorly soluble, lipophilic 
compounds fall short of these requirements. An ideal 
formulation would be a natural carrier that remains in 
10 the milieu around the infection, and delivers the drug 
in molecular solution. 

Amphotericin is regarded to be one of the most potent 
antifungals. Few instances of resistance to amphotericin 

15 have been reported. However, its nephrotoxicity 
generally restricts its use in the topical treatment of 
mucosal fungal infections, where it is given as a gargle 
or a lozenge. It is administered intravenously only 
in serious systemic infections that do not respond to 

20 first line antifungals. 

The use of liposomes to trap water insoluble/lipophilic 
molecules and thus allow higher, more effective doses to 
be given has been extensively explored. One reason for 

25 the reduction in toxicity of amphotericin in lipid 
carriers may be due to an association with the lipid, 
thereby reducing the amount of free drug which is more 
toxic. The translation of these benefits into practice 
to enable the wider and more effective use of 

30 amphotericin has, however, proved more difficult. 

As detailed below, a number of approaches to 
liposome/lipid entrapment of amphotericin for the 
intravenous treatment of systemic fungal infections have 
35 been disclosed. These approaches, however, have proved 
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too expensive for routine and widespread use because of 
their requirement for expensive lipids, m addition the 
manufacturing costs are high, requiring large volumes of 
solvents, evaporation, lyophilisation and specialised 
processing equipment. Therefore, there would be 
considerable benefits in reducing the complexity and 
costs m allowing amphotericin (and other lipophilic 
compounds) to be used more routinely in the treatment of 
diseases ♦ 

EP-A-0317120 claims a composition and method for 
solubilising a poorly soluble amphiphilic drug e.g 
amphotericin, by forming a complex with a charged lipid' 
Phosphatidyl glycerol (PG) in acidified organic solvent 
at a p H between 1 and 3. The complex can be incorporated 
into liposomes, which may be freeze-dried for long-term 
storage. The freeze dried composition is re-hydrated 
with aqueous buffer before administration. This method 
is clawed to give high lipid-amphotericin association, 
allowing higher doses of drug to be given intravenously. 

US-A-5180713 also claims a freeze dried amphotericin 
composition prepared from lyophilising a liposome- 
amphotericin suspension having a predetermined size 
distribution between 0.2 to 0.5 micron in the presence 
of a stabilising agent eg a disaccharide, trehalose. The 
inclusion of trehalose is claimed to preserve the size 
of the liposomes on reconstitution with aqueous medium, 
thereby allowing long term storage of the freeze dried 
preparation. 

EP-A-0282405 describes methods and compositions for non- 
liposomal lipid complexes formed from associations 
between toxic hydrophobic drugs such as amphotericin B 
and combinations of dimyristoylphosphatidylcholine (DMPC) 
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and dimyristoylphosphatidyl glycerol (DMPG) in about 7:3 
mole ratio. 

The prior art contains a large number of reports on the 
5 clinical benefits of lipid-amphotericin associations. 
The smaller number of disclosures concerning compositions 
and methods of preparation all require essentially 
charged lipids with high phase transition temperatures 
e.g. di-palmitoyl phosphatidylglycerol (DPPG), combined 
10 with neutral lipids e.g. di-myristoyl phosphatidylcholine 
(DMPC) and di-palmitoyl phosphatidylcholine (DPPC). The 
negatively charged lipid forms a complex with ionised 
amphotericin at low pH. 
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ftATER- 1 NSOT.UBLK Ann T.T C0 PHTTiTr , 
The pre Sent invention describes # 

probes of using membrane lipids £or the solubilisation 
Intl f " lip ° philic —Pounds generally, J 

membrane Hpias or mono-acyl derivatives thereof that Ire 

ZZT MtUral • - are o 

harmful. Advantageously, the membrane lipids used in the 
invent improved ^ ^ 

alr„ ! C ° mPOUnd aU °" exte " d - "o»«. under 

u"rL 1 :: v T itl0nS - coition 

tested agamst oonventional formulations of the same 
compound at similar concentrations. 

a Th LT ent inVenti0 " eMbleS a -pound 

in a l : inC ^-"^ - solution or dispersion 

bilayers P i ' ^ "» f °™ <* ^^ated 

should be understood that the term -anhydrous- as used 

of Cater and T ^ ° f ™ 

f water and those quantities of water which are carried 

f ~ " - Sterol and which are 

difficult or expensive to remove completely. 

enl h r7 nti ° n Pr ° VideS co "»P° si «°- and methods that 
enable lipophilic biologically active materials to be 
incorporated into membrane lipid, i„ . £orm ^ 

with hrgh entrapment on addition or exposure to aqueous 
-drum. tt should be emphasised that the formation "I 
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liposomes is not an essential requirement of the present 
invention. In some cases, depending on the nature of the 
active compound and/or the choice of lipid used, the 
compositions may result in formation of one or more type 
5 of other lipid structures such as micelles or mixed 
micelles. The type of lipid structures formed could also 
depend on the extent of dilution, diluting medium and 
presence of other components encountered in different 
applications . The important feature is for the 
10 lipophilic compound to remain substantially solubilised 
by the lipid when the compositions are diluted with 
aqueous fluids. 

One principal concern of the invention is to provide 
15 compositions that can be applied directly to mucosal 
membrane surfaces. Conversion from bulk bilayered 
structure to ultimately, discrete lipid structures takes 
place in-situ, utilising endogenous body fluids or 
secretions. Alternatively, the conversion may take place 
20 on simple dilution with external aqueous medium, prior 
to use. In both cases, high concentrations of the 
bioactive compound will be solubilised in the resultant 
lipid structures. Therefore, delivery of the active 
compound to the mucosal infection may be greatly 
25 enhanced. 

The compositions described in this invention comprise at 
least one membrane lipid and/or micelle-forming lipid 
dispersed in an anhydrous hydrophilic medium consisting 

30 of a mixture of a first liquid (e.g. ethanol) for forming 
a molecular dispersion of the active ingredient within 
the lipid component and a second liquid (e.g. glycerol) 
for precipitating the membrane lipid as bilayers. At 
least one of the first and second aqueous liquids may be 

35 water-miscible and preferably they are both water- 
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miscible. Active ingredients (for example hydrophobic 
biocidal agents, steroids, cytotoxic compounds, 
immunoraodulators or immunosuppressants) are partitioned 
between these lipid bilayers and the hydrophilic liquid 
phase. The compositions will normally be in the form of 
a gel, the viscosity of which is dependent on the 
relative proportions of constituents. 

Compositions according to the invention may comprise four 
main components: 

(a) at least one membrane lipid or mixture of a 
membrane lipid and a micelle-forming lipid; 

(b) one or more active ingredients; 

(c) at least one pharmaceutical^ acceptable 
solvent for the lipid; and 

(d) at least one hydrophilic organic liquid that 
can cause precipitation of lipid bilayers. 

Any membrane lipid, or combination of membrane lipids 
capable of f orming_lipid bilayers may be used as 
component (a). Preferred lipids for use in the present 
invention include phospholipids (e.g. phosphatidylcholine 
(PC) , phosphatidylethanolamine (PE) , phosphatidyl lycerol 
(PG), phosphatide acid (PA) and sphingomyelin), 
glycolipids, cerebrosides, gangliosides and their lyso- 
derivatives e.g. enzyme-modified monoacyl derivatives. 
Where the use dictates, mixtures of modified lipids such 
as hydroxylated and acetylated phospholipid may also be 
used. For specialised use, such as in drug-targeting 
applications, the lipids may also be in the form of 
derivatives (e.g. with polyoxyethylene chains) to make 
the vesicles more robust. Monoacyl lipids which may be 
derived from glycolipids, sphingolipids or other micelle 
forming lipids and may be derived from natural plant, 
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animal or microbacteriological sources, or they may be 
synthesized or partly synthesized e.g. polyethylene 
glycol (PEG) derived monoacyl phospholipids e.g. 
pegalated monoacyl phosphatidyl ethanolamine . 
5 Preferably , the lipid comprises two or more membrane 
lipids. Mixtures of lipid commonly known as lecithins 
are preferred. They may be natural or synthetic, 
hydrogenated, partially hydrogenated or unsaturated. 
They may be of animal, enzyme modified or plant origin. 

10 In practice, commercial mixtures of lecithins and enzyme 
modified lecithins which contain at least 95% of total 
lipids, of which the major component is at least 40% 
phosphatidylcholine, are preferred. The amount of lipid 
used depends on the active ingredients and should be 

15 sufficient to ensure that it is in molecular dispersion. 
In general about 50% is the highest amount that should 
be required, although larger amounts can be used where 
necessary. The usual range is between 10% to 30% of 
phospholipid. 

20 

The active ingredient (b) can be any of a wide-range of 
biologically active lipophilic materials including 
medicaments, hormones, vaccines, peptides, vitamins 
immunosuppressants (e.g. cyclosporin or other cyclic 

25 peptides) or immunomodulators (vaccines). Alternatively, 
it could be any other lipophilic material of medical and 
biological interest such as antioxidants, marker 
compounds and flavouring materials. The amount of 
lipophilic compound carried in the composition can be up 

30 to 10% , but typically it is between 0.1% to 5%. For 
very potent compounds, amounts less than 0.1% are often 
used . 

Component (c) is an anhydrous preferably water-miscible 
35 organic liquid which is a solvent for the lipid and in 
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most cases for the lipophilic active compound. i„ 
general, the amount of compound (c) should not exceed 
that required to dissolve the compound and lipophilic 
compound and allow the formation of a molecular 
dispersion of the active ingredient. Ethanol is the 
preferred component but ethanol-free formulations may be 
required for some purposes and other aliphatic alcohols, 
e.g. methanol, propanol, and isopropyl alcohol, or other 
surtable solvents (e.g. propylene glycol, diethylene 
glycol monoethyl ether (Transcutol) and propylene glycol 
carbonate), or mixtures of such solvents, may be used in 
those applications where their use is permitted. The 
broad range of component (c) that can be used is between 
2.5 to 25 wt%. The preferred range is 2.5 to 10 wt%. 
The most preferred range is 5 to 7.5 wt%. 

Component (d) is a second anhydrous organic liquid 
preferably miscible with water and component (b), which 
18 ° f 3 natUre ' and is P^ent ™ an amount, to cause the 
membrane lipid (or lipids) in the preparation to form 
flayers. Suitable _liquids are glycerol , which is 
preferred on account of its absence of toxicity, or 
propylene glycol, but again other hydrophilic liquids for 
example the polyethylene glycols, glycofurols and 
propylene glycol derivatives may be used in those 
applications where their use is permitted. it will be 
noted that, depending on the other materials used 
propylene glycol can be component (c) or component (d). 
The broad range of component (d) is between 30 to 90 wt% 
the preferred range 40 to 90 wt% and the most preferred 
range 50 to 80 wt%. 

Under some circumstances, component (d) may be replaced, 
or partially replaced by a sugar solution of high 
concentration, e.g. glucose, xylose or sorbitol dissolved 
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in a small amount of water. 

The normal method of preparation is first to dissolve the 
lipid component (a) in component (c) and then add the 
5 active component (b) to form a molecular solution. 
Depending on the relative solubilities and temperature 
labilities of components (a) and (b), it may be found 
preferable to reverse this order of dissolution or to co- 
solubilise the two components, 

10 

To avoid unacceptably high concentrations in the final 
composition, and the possible requirement of complicated 
solvent removal steps, component (c) should be used in 
relatively low concentration. The amount of ethanol 

15 required to solubilise the lipid is typically about 25% 
w/w based on the weight of the lipid. Preferably the 
amount by weight of ethanol (or any alternative solvent 
used as component (c)) should not exceed the amount by 
weight of lipid. Complete dissolution of the lipid 

20 component in this first— stage of preparation although 
desirable, is not always possible or indeed necessary, 
in order to achieve the formation of a molecular 
dispersion of the active ingredient in the final 
composition. 

25 

The second stage of the preparation consists of the 
addition of component (d) in order to precipitate the 
lipid as bilayers. The concentration of component (d) 
is, in most cases, not critical and is dictated mainly 
30 by the desired rheological properties of the preparation. 
It should, however, be present in sufficiently high 
concentration to ensure that all, or by far the greater 
part of the lipid, is in a bilayer configuration. 

35 In some cases, where the active ingredient has 
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significant solubility in mixtures of components (c) and 
<d), and exposure of the lipid and/or the active 
ingredient to high temperatures for prolonged periods of 
time must be avoided, complete dissolution of the active 
ingredient is unnecessary when the composition is 
initially formed and the preparations will clear on 
standing. The efficiency of incorporation of the active 
ingredient under these conditions, however, is strongly 
dependent on the degree of subdivision of the active 
material. The active ingredient may be of particle size 
1 to 10 urn at the time of incorporation, or it may be 
incorporated at larger particle size and the composition 
may then be treated in a colloid mill to bring about 
molecular dispersion. 

Similarly, in compositions containing high concentrations 
of active ingredient, precipitation of some of the active 
ingredient in the form of small particles may occur on 
the addition of component (d) . This, however, is often 
reversible on standing. 

In presentations such as antifungal gels, it is 
beneficial to prolong contact between the composition and 
the underlying lesion. In such cases, small amount of 
a hydrophilic colloid such as a hydrocolloid, polymer or 
a natural gum can be blended into the preparation. 
Suitable materials are water-soluble but insoluble in the 
non-aqueous composition. Alginates e.g. sodium alginate, 
carrageenan, hydroxypropyl cellulose and a copolymer of 
N-vinyl-2-pyrrolidone and vinyl acetate (Plasdone) have 
been successfully employed. On application, the gums 
hydrate in aqueous fluid and confine the composition to 
the site of application, thereby allowing extended 
conversion into liposomes or other lipidic particle 
structures. Alternatively to provide compositions that 
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have protective properties, larger amounts of the 
hydrocolloid may be required and the gel base may be used 
with or without a medicament. In general we have found 
that amounts of polymer, hydrocolloid or natural gum 
5 incorporated should be 0.5 to 10 wt.% based on the total 
weight of the composition, preferably 2 to 5 wt.%. Below 
0.5 wt.% there is only slight improvement in adhesion, 
whereas above 10 wt.% the material becomes glutinous and 
is difficult to handle. 

10 

Formulations of this invention can be reliably and 
economically produced on a large scale and can be stable 
for extended periods. They can be produced under aseptic 
conditions or, on warming to a temperature of about 45°C, 
15 or may be sterilised by aseptic filtration. They may be 
packed in tubes or in pump-type dispensers . 

The invention, and in particular, its application to the 
formulation of anti-fungal compositions, is illustrated 
20 in the accompanying examples. 

EXAMPLE 1 

Miconazole and Clotrimazole Formulations 
Anti-fungal gels were made from the following 
25 formulations: 
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1 *Phospholipids ( 4b% 
phosphatidylcholine-PC ) 


20% 


Absolute ethanol 


as indicated 


Antifungal drug " 


as indicated 


^rJ-yceroi B.p; " 


as indicated 


Epikuron (Lucas Meyer) * 


======== 



Approximately 10% of the total lipid and all the ethanol 
were weighed into an amber glass jar and mixed until all 
the l lp id had dispersed. The antifungal drug was added 
to the lipid/ethanol mixture and further mixing was 
carried out to break up the drug particles. The 
remainder of the lipid was added and mixing was continued 
until all the lipid had been dispersed. The glycerol was 
then added and stirring was continued until a homogenous 
gel was obtained. it was clear and translucent with a 
sweet pleasant taste and could be applied directly to the 
mucosa. Prom about 1% to 10% or more, but preferably 
about 2% to 5% of a hydrophilic polymer or natural gum 
can be dispersed in powder form to render the 
preparation muco-adheslve .~ Compositions utilising lipid 
blends or lecithins which contain 45% PC, form liposomes 
on conversion with water. The drug is associated with the 
liposomes at very high levels, ie greater than 90%. 

Miconazole ( 1- [ 2-dichloro-/3- [ 2 , 4-dichlorobenzyl ) 
oxyphenethyl] imidazole mononitrate is a white crystalline 
powder that is very slightly soluble in water and very 
soluble in ethanol. it has a wide antifungal spectrum 
and possesses some antibacterial activity. it is 
available from R W Unwin t Co. Ltd. Clotrimazolef l- (o - 
chloro-a^-diphenylbenzyljimidazole] is a white 
crystalline powder that is insoluble in water and soluble 
xn ethanol. it has a wide antifungal spectrum and 
possesses some antibacterial activity. It is available 
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from Fabbrica Italiana Sintetici. 

The preparation of the pro-liposome miconazole and 
clotrimazole gel was as described above. Early 
5 formulation work was carried out to find: 

i) A gel formulation with enough ethanol to 
dissolve the miconazole and clotrimazole 
giving the gel a translucent appearance, but 

10 with sufficient ethanol as to obtain an 

optimum viscosity profile (Table 1). 

ii) A gel formulation with not too much miconazole 
or clotrimazole to induce crystallisation of the 

15 drug in the gel (Table 2). 

5% ethanol in the gel was found to be most suitable for 
both gel viscosity and drug crystallisation. At this 
level of ethanol, miconazole drug crystallisation was not 

20 seen in 1% and 2.-5%— miconazole gels. Drug 

crystallisation was seen in the 1% and 2.5% clotrimazole 
gels, but as the 1% clotrimazole showed much less drug 
crystallisation, it is expected that gels with just less 
than 1% clotrimazole would show no drug crystallisation 

25 at all. 

The % encapsulation of the antifungal drugs miconazole 
and clotrimazole was determined by filtration of the 
liposome dispersion and by HPLC analysis of the 

30 unfiltered and filtered solutions for drug content. The 
principle behind the filtration technique is that the 
liposomes (with encapsulated antifungal) can be passed 
through 200 nm filters, while unencapsulated drug 
particles remain too large to pass through the filters. 

35 Pro-liposome gels were prepared, containing 2.5% and 1% 
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miconazole and 1% and 0.5% clotrimazole. The % drug 
encapsulation into liposomes are shown in Table 3. it 
was found that both the miconazole and clotrimazole gels 
showed high levels of liposomal encapsulation. The % 
encapsulation of drug would be expected to decrease if 
crystallisation occurred in the gels with time. 

Miconazole and clotrimazole gels were prepared for long 
term stability studies with drug concentrations equal to, 
or less than corresponding proprietary preparations. 
Samples were stored in sealed glass containers, protected 
from light, at 4oC, 25°C, and 40°C. The content of drug 
in the gels was assayed by HPLC analysis to evaluate the 
extent of drug degradation. The stability of both 
nuconazole and clotrimazole, in the pro-liposome 
formulations was dependent on the drug concentration. 
The hrgher the concentration, the lower the rate and 
extent of degradation. Drug solubility in the base 
formulation is known to limit the optimal extent of drug 
concentration, thus the formulation remains a balance 
between stability and concentration. The crystallisation 
of drug in the gel was measured by measuring liposomal 
encapsulation over time. 
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Gel not: formed 


Golden gel with 
slight appearance 
of crystalline 


I clear, golden gel 


clear, golden gel 


Clotrimazole insoluble in 
ethanol + 10% of lipid. Not 
enough ethanol to disperse 
all the lipid and form a oel 


Clotrimazole soluble in 
ethanol + 10% of lipid. 
Clear, golden gel formed 
with good viscositv 


Clotrimazole soluble in 
ethanol + 10% of lipid. 
Clear, golden gel formed 
with runny viscositv 


Clotrimazole soluble in 
ethanol + 10% of lipid. 
Clear, golden gel formed 
with very runny viscosity 
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TABLE 3 



% encapsulation of antifungal drugs into 
liposomes fro m pro-liposome g gls 





% Encapsulation of 
Antifungal 


Sample 


T = 5 months 


l % Miconazole Gel 


4"C 


97.4 % 




25°C 


102.2 % 




40°C 


99.4 % 


2.5 % Miconazole Gel 


4°C 


100.4 % 




25°C 


97.8 % 




40°C 


97.5 % 


0.5 % Miconazole Gel 


4°C 


98.3 % 




25°C 


96.8 % 




40°C 


98.5 % 


1 % Clotrimazole Gel 


4 U C 


94.4 % 




25°C 


96.3 % 




40°C 


97.2 % 



— EXAMPLE 2 

Gels cont aining Amphotericin r 

Using the method of Example 1, pro-liposome gels were 
made with various concentrations of amphotericin B. The 
% encapsulation of the amphotericin B into liposomes (in 
0.1% suspensions of the gel formulations) was measured 
at 3 days, 1 month, 3 months and 6 months after pro- 
liposome preparation. The gels were stored at 4°C in 
sealed containers, protected from light (Table 4). it 
was found that amphotericin B showed high levels of 
liposomal encapsulation with lipid: drug ratios in the 
range 20:1-200:1, and the level of encapsulation level 
changed relatively little on long term storage. 
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TABLE 4 



The % encapsulation of amphotericin B into liposomes 
from a pro-liposome on long term storage at 4°C. 



Sample 


% Encapsulation Of 
Amphotericin B 


T = 3 
days 

% 


T = 1 
month 

% 


T = 3 
months 

% 


T = 6 
months 

% 


1 % Amphotericin B 
Pal 

(20:1, lipid: drug) 


103.2 


92.2 


95.4 


89.0 


0.5 % Amphotericin 
B Gel 

(40:1, lipid :drug) 


97.0 


102.9 


93.4 


94.6 | 


0.25 % 

Amphotericin B Gel 
(80:1, lipid: drug) 


97.0 


96.4 


95.8 


94.6 


0.1 % Amphotericin 
B Gel 

(200:1, 
lipid: drug) 


88.5 


95.5 


94.8 


90.5 



EXAMPLE 3 

Gel containing amphotericin B and buffer 

A pro-liposome gel containing amphotericin B was 
formulated as follows: 



♦Phospholipids (90% PC) 


20% 


Absolute ethanol 


5 % 


Amphotericin B 


1 % 


Glycerol B.P. 


73.9 % 


Tris base (Sigma) 


0.1 % 



25 



30 



The gel was made by dispersing the lipid, 90% of which 
is phosphatidylcholine, and ethanol into a vessel which 



WO 99/29301 



PCT/GB98/03658 



24 



10 



15 



was sealed and left for 24 hours at 25°C until the lipid 
had dispersed. The amphotericin B was then added to the 
lipid/ethanol mixture and homogenised. Tris base for 
buffering the gel to approximately pH 6.5 was dissolved 
in the glycerol by heating them together at 60°C for 
about 30 minutes, after which the solution was cooled to 
room temperature. The glycerol solution of Tris base was 
stirred into the lipid mixture until a homogeneous 
bilayered gel formed. A similar preparation can be made 
using a lipid mixture containing 45% PC. 

Amphotericin B with an average particle size of l-5u was 
found to be well incorporated into the gel. It showed 
near 100% encapsulation into liposomes formed from the 
pro- liposome by addition of water, whereas incorporation 
of coarser particles was found to be much less efficient. 
The selected content of Tris base provides good stability 
for the lipid whilst increasing the stability of the 
amphotericin B compared to a gel containing no buffer. 



EXAMPLE 4 



20 



25 



♦Phospholipids (70% PC) 


20% 


Ethanol 


5 % 


Triamcinalone 


0.1 % 


Glycerol 


72.9% 


Sodium alginate 


2% 



The method of Example 3 was followed to prepare the 
bilayered gel. 2% sodium alginate powder was uniformly 
dispersed in the composition, giving it improved 
mucoadhesive properties and a slightly more opaque 
30 appearance. 
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EXAMPLE 5 
Microbiology 

Microbiological work was carried out to elucidate two 
fundamentally different properties of the pro-liposome 
5 gel formulation; 

• To assess the intrinsic antimicrobial activity of 
the gel base (without antifungal drug and without 
dilution to a liposomal dispersion) as a measure of 
whether the gel base alone would inhibit or support 

10 microbial growth on long-term storage, or whether 

it would need to contain additional antimicrobial 
preservatives • 

• To assess the antifungal activity of the pro- 
liposome gel formulation (with antifungal drug, 

15 diluted to an aqueous liposomal dispersion) 

compared to an equivalent aqueous suspension of the 
antifungal drug. 

1. Gel Base Microbial Challenge 

The antimicrobial efficiency of a pharmaceutical 
20 preparation is assessed by a simple challenge test (Based 
on Appendix XVI C BP 1988 P. A200 - P. A202). The 
following organisms were used in the test: Aspergillus 
niger NCPF 2275, Escherichia coli NCTC 1487, Candida 
albicans NCPF 3179, Pseudomonas aeruginosa B15 and 
25 Staphylococcus aureus NCTC 4135. 

For the pro-liposome gel base, lOg placebo samples 
prepared in accordance with Example 1 , without the 
inclusion of the antifungals, were inoculated with 

micro-organisms to give an inoculum of 1 x 10 6 bacteria 
30 or yeast per g of sample or 1.4 x 10* mould per g of 
sample (inoculum volume 1 % of sample). Control samples 
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were prepared in the same way using 0.1 % peptone water 
(for bacteria and yeasts) or 0.1 % peptone water + 0 5 
% Tween 80 (for moulds). The inoculated samples were 
stored at 20°C for 1 month. At regular intervals, 1 g 
sub-samples were removed , and diluted appropriately to 
determine the number of remaining microorganisms in the 
sample. The results are shown in Figure 1 which shows 
the result of challenging the gel base with (a) bacteria, 
(b) yeast and (c) mould. 

For bacteria and yeasts, the number of organisms 
recoverable from the gel is instantly reduced by a factor 
of at least 10\ For the mould, the number of organisms 
recoverable from the gel is instantly reduced by a factor 
of at least 10*. it is thought that this surprisingly 
effective antimicrobial activity is the consequence of 
both the microcidal effect of the ethanol and the 
osmotic potential of the glycerol, it was an unexpected 
bonus and as a result, the pro-liposome gel base alone 
1S expected to have acceptable preservative properties 
for many uses as a topical or oral pharmaceutical 
preparation, without- _the need for additional 
preservatives in the gel base (i.e. the pro-liposome gel 
base formulation may pass the BP microbial challenge 
test). Most preservatives used to prevent microbial 
spoilage are sensitisers. Therefore preparations that 
have natural preservation properties without the need 
for added antimicrobials are preferred. 

2. In Vitro Antifungal Activity 

The antifungal properties of the pro-liposome gel (with 
antifungal) was assessed using two methods. The first 
the cup-plate diffusion assay, examines antifungal 
activity by diffusion through a solid medium. The 
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second, evaluates antifungal activity in a liquid medium. 
The tests were both carried out to compare the efficacy 
of the liposomal antifungal preparations according to the 
invention, to that of equivalent aqueous suspensions of 
5 the antifungal. 

a) Cup-Plate Diffusion Assay 

The pro-liposome gels containing 1% miconazole, 2.5% 
clotrimazole and 1.0% amphotericin, prepared from 
Examples 1, 2 and 3 respectively, were mixed and diluted 

10 appropriately, in aqueous phosphate buffer to form 
liposomal dispersions containing the same concentration 
of drug as the aqueous suspensions (1, 10 and 100 ng/ml). 
A cup-plate diffusion assay was carried out using Candida 
albicans. Tryptone-soya agar plates were used that had 

15 been inoculated with Candida albicans NCPF 3179 to a 
final concentration 10 6 viable cells per ml. Solutions 
were incubated in 5 mm wells for 2 hours at room 
temperature, followed by 18 hours at 37°C. The zones of 
growth inhibition of the Candida albicans were then 

20 measured (Figure 2) in comparison with equivalent aqueous 
suspensions of antifungals for (a) amphotericin B, (b) 
miconazole and (c) clotrimazole. 

The liposomal formulations of the antifungal drugs, 
showed greater zones of inhibition than the aqueous 
25 antifungal suspensions. By comparison, the control gel 
base (without antifungal) showed no zone of inhibition. 
The larger zones of inhibition with the liposome 
preparations reflects the higher bio-availability of the 
antifungal drugs from this formulation. 

30 b) Growth Inhibition In A Liquid Medium 

The pro-liposome gels were mixed, and diluted 
appropriately, in aqueous medium to form liposomal 
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dispersions containing the same concentration of drug as 
aqueous suspensions. 1 ml samples were then mixed with 
9 mis of tryptone-soya broth, innoculated with Candida 
albicans NCPF 3179 to a final concentration 10 6 viable 
cells per ml. The optical density (at 600 nm) was then 
read at intervals as a measure of the growth (and growth 
inhibition) of the Candida albicans. Figure 3 shows the 
growth inhibition of Candida albicans in a liquid medium 
as a function of time (Amphotericin B concentration 1 
ng/ml). Figure 4 shows the inhibition of Candida 
albicans in a liquid medium as a function of antifungal 
concentration (Incubation time 24 hours). Figure 5 shows 
the growth inhibition of Candida albicans in a liquid 
medium by various concentrations of liposomal 
amphotericin B formulations ( Incubation time 24 hours). 

As in the cup-plate diffusion assay experiment, the 
liposomal preparation was seen to be much more efficient 
at inhibiting the growth Candida compared to the aqueous 
dispersion. This emphasises the high bio-availability 
of liposomal amphotericin B and the ability of the 
liposomal preparation to act as a reservoir for the 
antimicrobial . 

The In vitro tests indicate that the pro-liposome 
antifungal gels exhibit superior antifungal activity 
compared to the free antifungal drugs alone. If this 
property is extrapolated to an In vivo situation, then 
it is likely that the natural affinity of phospholipid 
for mucosa surfaces would further improve the retention 
and availability of the antifungal drug. 

The pro-liposome formulation is ideal as a carrier for 
topical administration of antifungal drugs to mucosal 
surfaces. All the formulation components are 

pharmaceutical^ acceptable. The gel has a pleasant, 
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sweet taste and is sufficiently viscous to allow it to 
be applied to the gums or mucosa if desired. 
Furthermore, on conversion to liposomes or other lipid 
structures (depending on the type of lipid used), the 
5 active compound remains in molecular solution, with a 
very high degree of entrapment, prolonging release of 
drug at the site of infection. The gel base alone does 
not support microbial growth and, using careful 
production conditions, the gel should have a very low 
10 initial microbiological burden. 

The formulations containing amphotericin B disclosed in 
this invention, are likely to be stable at 25°C for 
several months and at 4°C for at least a year, enabling 
development of an improved, commercially viable 

15 pharmaceutical product with a good shelf life. A stable 
pro-liposome formulation which delivers relatively high 
doses to the intended treatment site should benefit to 
patients with Candida infections. The pro- liposome gel 
is easy and economical to produce, and shows much 

20 potential for improving, the_ bio-availability of several 
different antifungal drugs. Furthermore, the 

presentation of a convenient and palatable gel should 
promote patient compliance. 

EXAMPLE 6 

25 Additional polymer and hvdrocolloid materials 

The method of Example 4 was repeated with 1 wt.% and 
5 wt.% sodium alginate (Keltone HVCR) and with 1 wt.%, 
2 wt.% and 5 wt.% each of carrageenan (Gelcarin GP37ANF), 
30 hydroxypropyl cellulose (Kucel HF) and a copolymer of N- 
vinyl-2-pyrrolidone and vinyl acetate (Copolyvidone; 
Plasdone S630) . There was improved adhesion in each case 
compared to a corresponding formulation with no added 



-WO 99/29301 



PCT/GB98/03658 



30 



polymer, and the improvement in adhesiveness was in the 
order sodium alginate > carrageenan >> Copolyvidone >> 
hydroxypropl cellulose. The gel containing 5 wt.% sodium 
alginate tested by adhesion to dialysis tubing [RS Manly 
5 (Ed), Adhesion in Biological Systems, Academic Press, 
N.Y. 1970, Chapter 10, J L Chen and G N Cyr, 
'Compositions Producing Adhesion through Hydration'] 
produced a mean adhesion time of about 230 minutes, and 
5 wt . % carrageenan produced a mean adhesion time of about 

10 190 minutes. Microbiological studies showed that none 
of the polymers, at the levels used, materially reduced 
the antifungal activity of the amphotericin-containing 
pro-liposome gel which remained greatly superior to that 
of a commercially available amphotericin suspension used 

15 as a control . 



20 



EXAMPLE 7 

Use of Alternative Solvents 

The lipid of Example 1 was found to disperse in 
Transcutol (Gattef osse ) , lauryl lactate and isopropyl 
myristate at a solvent: lipid ratio of at least 1:1. The 
above solvents can mix into ethanol at certain 
concentrations, replace the ethanol used in other 
examples, but are not water raiscible. Samples were then 
25 prepared in which amphotericin and lipid were dispersed 
in these solvents and in each case bright yellow opaque 
suspensions of the drug were obtained. Glycerol was 
added to portions of the well-dispersed samples to form 
gels whose viscosity may be controlled by the amount of 
30 glycerol added. Suitable formulations are as follows, 
the proportions being of 
lipid : solvent : amphotericin : glycerol . 
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Transcutol 20:20:1:59 
Lauryl Lactate 20:30:1:49 
Isopropyl Myristate 20:30:1:49 



5 EXAMPLE 8 

Ethanol-free amphotericin pro-liposome gel 

A lipid (2g) which contains about 45% phospholipid of 
which 33% is phosphatidyl choline and about 10.5% is 
mono-acyl phosphatidyl choline and ethanol (0.5g) were 

10 placed in a glass tube and left at 40°C until the lipid 
had become dispersed in the ethanol. The resulting 
solution was cooled to room temperature and amphotericin 
(O.lg) was added. The resulting lipid mixture was 
subjected to ultrasound for 30 minutes. Separately 

15 TRIZMA base (TRIS, 0.02g) which is a buffer and glycerol 
(14.78g) were heated at about 200°C for about 30 minutes 
after which the base had completely dissolved. The 
glycerol solution was cooled to room temperature and a 
portion (7.4g) was mixed with the lipid mixture to 

20 produce an opaque mustard-coloured gel. The above 
formulation is ethonal free, as Example 7, and the 
presence of the mono-acyl phosphatlidyl choline promotes 
uptake of the additive. 
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CLAIMS 



1. Use of a substantially non-aqueous composition 
comprising at least one membrane lipid or mono-acyl 
derivative thereof suspended in a hydrophilic medium in 
the manufacture of a composition for application to the 
mucosa as a soothing, protective or lubricating agent or 
as a carrier of a medicament in molecular dispersion. 

2. Use according to claim 1, wherein the membrane lipid 
is a mono-acyl lipid, 

3. Use according to claim 1, wherein the membrane lipid 
is a diacyl lipid, 

4. Use according to claim 1 or claim 2, wherein the 
membrane lipid is a mixture of a mono-acyl lipid and a 
diacyl lipid. 

5. Use according to claim 1, wherein the membrane lipid 
comprises egg yolk lecithin or soybean lecithin. 

6. Use according to claim 5, wherein the egg yolk 
lecithin or soybean lecithin comprises at least 40% w/w 
phosphatidyl choline. 

7. Use according to any preceding claim, wherein the 
composition comprises diacyl lipid or a mixture of a 
monoacyl lipid and a diacyl lipid, a first organic liquid 
which can dissolve the lipid or lipids and a second 
organic liquid which is miscible with the first liquid 
and which is of a nature and in an amount such that the 
membrane lipid or lipids is or are at least partly in the 
form of bilayers, at least one of the first and second 
liquids being water miscible. 
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8. Use according to claim 7 , wherein the first water- 
miscible organic liquid comprises 2-5 - 25 % w/w of the 
composition. 

5 9. Use according to claim 7, wherein the first water- 
miscible organic liquid comprises 2.5 - 10% w/w of the 
composition. 

10. Use according to claim 7 , wherein the first water- 
10 miscible organic liquid comprises 5 - 7.5 wt% of the 

composition. 

11. Use according to any of claims 7 to 10, wherein the 
first organic liquid is ethanol . 

15 

12. Use according to any of claims 7 to 10 , wherein 
ethanol is present in the first organic liquid. 

13. Use according to any of claims 7 to 12 , wherein the 
20 second organic liquid- comprises 30 to 90% w/w of the 

composition. 

14. Use according to any of claims 7 to 12, wherein the 
second organic liquid comprises 40 to 90% w/w of the 

25 composition • 

15. Use according to any of claims 7 to 12, wherein the 
second organic liquid comprises 50 to 80 % w/w of the 
composition. 

30 

16. Use according to any of claims 7 to 15, wherein the 
second organic liquid comprises glycerol. 

17. Use according to any preceding claim, wherein the 
35 composition further comprises a hydrocolloid, polymer or 
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natural gum in an amount which is effective to increase 
the muco-adhesion of the composition. 

18. Use according to claim 17, wherein the composition 
comprises 1 to 10% w/w of the hydrocolloid, polymer or 
natural gum. 

19. Use according to claim 13, wherein the composition 
comprises 2 to 5% w/w of the hydrocolloid, polymer or 
natural gum. 

20. Use according to any of claims 17 to 19, wherein the 
hydrocolloid or natural gum is a cellulose derivative, 
carrageenin or an alginate. 

21. Use according to any preceding claim, wherein the 
composition is free from other preservative. 

22. Use according to any preceding claim, wherein the 
composition is for application to any of the places 
indicated below for any of the purposes indicated below: 

(a) oral, buccal mucosa for soothing mouth ulcers; 

(b) vaginal mucosa for soothing, protection or 
lubrication; 

(c) rectal mucosa for soothing, protection, or the 
relief of haemorrhoids; 

(d) a stoma for protection and/or lubrication; 

(e) a surgical device or glove as a lubricant; 

(f) gastric mocosa. 

23. Use according to any of claims 1 to 22, wherein the 
composition further comprises a lipophilic medicament in 
molecular dispersion in said composition. 



24. 



Use according to claim 23, wherein the composition 



AVO 99/29301 



PCT/GB98/03658 



35 

comprises any of the medicaments indicated below for the 
indications indicated below and for application to the 
places indicated below: 

(a) an anti-fungal agent for Candidiasis for 
application to the oral mucosa or vagina; 

(b) an anti-viral agent for application to the 
oral mucosa or vagina; 

(c) an anti-inflammatory agent for application to 
the oral, rectal or vaginal mucosa. 

25. Use according to claim 24, wherein the composition 
comprises any of : 

(a) miconazole, clotrimazole or amphotericin B; 

(b) acyclovir; 

(c) triamcinalone or another steroidal anti- 
inflammatory agent. 

26. A composition comprising at least one water- 
insoluble biologically active compound in molecular 

20 dispersion in bilayers__of_ a substantially non-aqueous 
composition comprising at least one membrane lipid 
suspended in a hydroplilic medium. 

27. The composition of claim 26, wherein the 
25 biologically active compound is a polyene macrolide. 

28. The composition of claim 26, wherein the 
biologically active compound is nystatin or amphotericin 
B . 

30 

29. The composition of claim 26, wherein the 
biologically active compound is an imidazole derivative. 

30. The composition of claim 26, wherein the 
35 biologically active compound is a clotrimazole or 



10 



15 
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miconazole. 



31. The composition of claim 26, wherein the 
biologically active compound is 5-f luorocytosine. 

32. The composition of any of claims 26 to 31 
containing 0.1 - 2.5% w/w of the biologically active 
compound . 

33. The composition of any of claims 26 to 31 
containing about 1% w /w of the biologically active 
compound. • 

34. The composition of any of claims 26 to 33 wherein 
the composition comprises a mixture of a membrane lipid 
and a micelle- forming lipid. 

35. The composition of claim 34, wherein the micelle 
forming lipid is a monoacyl lipid. 

36. The composition of any of claims 26 to 35, wherein 
the membrane lipid comprises egg yolk lecithin or soybean 
lecithin. 

37. The composition of claim 36, wherein the egg yolk 
lecithin or soybean lecithin is of a grade which 
comprises at least 40 wt% phosphatidyl choline. 

38. The composition of any of claims 26 to 37, which is 
dissolved in molecular dispersion in a substantially 
anhydrous system comprising one or more membrane lipids, 
a first organic liquid which can dissolve the lipid or 
lipids and a second organic liquid which is miscible with 
the first liquid, and which is of a nature and is in an 
amount such that the membrane lipid or lipids is or are 
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at least partly in the form of bilayers, at least one of 
the first and second liquids being water-miscible . 

39. The composition of claim 38, wherein the first 
5 organic liquid is ethanol. 

40. The composition of claim 38, wherein the first 
organic lipid contains no ethanol. 

10 41. The composition of claim 38, 39 or 40, wherein the 
second organic liquid is glycerol. 

42. The composition of any of claims 26 to 42, which is 
sterile. 

15 

43. The composition of any of claims 26 to 42, further 
comprising a hydrocolloid, hydrophilic polymer or natural 
gum in an amount which is effective to render the 
composition muco-adhesive . 

20 

44. The composition of claim 43, wherein the 
hydrocolloid, hydrophilic polymer or natural gum is 
present in an amount of 0.05 - 10 wt.% based on the total 
weight of the composition. 

25 

45. The composition of claim 43, wherein the 
hydrocoloid, hydrophilic polymer or natural gum is 
present in an amount of 2 - 5 wt.% based on the total 
weight of the polymer. 

30 

46. The composition of any of claims 43 to 45 which 
comprises sodium alginate. 

47. The composition of any of claims 43 to 45 which 
35 comprises carrageenin. 
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48. The composition of any of claims 26 to 47, which has 
a pH of 5 - 7.5. 

49. A method for preparing a composition as defined in 
any of claims 26 to 48, including the steps of- 

dissolving or dispersing at least a portion of the 
membrane lipid in a first organic li quid which can 
dissolve or disperse the lipid; 

adding the biologically active compound to the 
solution or dispersion; and 

with 3 SeC ° nd ° rganiC li<3Uid WhiGh is * is <^le 

with the first organic liquid and is of a nature and is 

xn an amount such that the membrane lipid or lipids is 

or are at least partly in the form of bilayers, at least 

one of the first and second liquids being water-miscible. 

50 The method of claim 49, wherein the biologically 
active compound is added to the solution or dispersion 
as a micronised powder. 

51. The method of claim 50, wherein the composition 
containing the biologically active compound is milled in 
a colloid mill. 

52 . A method for preparing a composition as defined in 
any of claims 26 to 48, including the steps of: 

dissolving or dispersing at least a portion of a 
membrane lipid in a first organic li quid which can 
dissolve or disperse the lipid; 

solu t io din9 ^ WOl ° 9iCall r -tive compound to the 
solution or dispersion; and 

with 9 SeC ° nd ° r9aniC liqUid WhiGh is ^ci h l e 

with the first organic liquid and is of a nature and is 

xn an amount such that the membrane lipid or lipids is 

or are at least partly in the form of bilayers, whereby 
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at least 90% of the biologically active compound becomes 
dispersed in the composition, at least one of the first 
and second organic liquids being water-miscible . 
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Fig- 2 Cup-plate diffusion assay of liposomal antifungal dispersions, compared to 
equivalent aqueous suspensions of antifungals, a) Assay of amphotericin B. b) Assay of 
miconazole, c) Assay of clotrimazole. 
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Fig. 4 Growth inhibition of Candida albicans in a liquid medium as a function of 
antifungal concentration (Incubation time 24 hours). 
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Fig. 5 Growth inhibition of Candida albicans in a liquid medium by various 

concentrations of liposomal amphotericin B formulations (Incubation time 24 hours). 
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